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1.2. 左室頂上部 (left ventricular summit) 起源の心室不整脈 





























































































































































































（ratio R/S）、偽性デルタ波の間隔（PdW = QRS onsetから胸部誘導の最初の変
曲点までの間隔）、intrinsicoid deflection time（IDT = QRS onsetから胸部誘導の最




 連続変数は平均値 ± 標準偏差で表し、Student's t-testを用いて2群間の比較
を行った。カテゴリー変数は数（%）で表し、2群間の比較はPearson chi2 testまた




















































17.2 ± 5.0 msの先行であった。不整脈中のsummit-CVとアブレーション部位との



















































（Q-wave ratio in lead aVL/aVR）は1.33 ± 0.42であったが、過去の報告と比較する
と、aorto-mitral continuityと大心静脈遠位部の間の心筋中層を起源とする心室不
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年齢, years 59±13 54±14 63±11 
男性 (%) 22 (71%) 12 (86%) 10 (59%) 
臨床症状    
	 動悸 10 (32%) 5 (36%) 5 (29%) 
	 前失神 3 (10%) 1 (7%) 2 (12%) 
	 易疲労感 12 (39%) 7 (50%) 5 (29%) 
	 無症状 6 (19%) 1 (7%) 5 (29%) 
Ventricular arrhythmia burden, % 21±13 23±13 18±13 
非持続性心室頻拍 14 (45%) 7 (50%) 7 (41%) 
左室駆出率, % 60±15 59±13 62±17 
左室駆出率 <50% 6 (19%) 3 (21%) 3 (18%) 
BNP, pg/ml 45.6±47.6 42.3±46.0 48.2±50.2 
内服薬    
	 β遮断薬 25 (81%) 12 (86%) 13 (76%) 












不整脈中の局所電位の先行度, ms    
	 summit-CV -34.1±5.3 -7.2±7.2 <0.001 
	 焼灼部位 -22.3±7.6 -28.4±5.5 0.015 
焼灼部位のペースマップ一致 2 (14%) 12 (71%) 0.002 
術時間, 分 267±70 212±71 0.040 
通電時間, 分 31±13 16±15 0.010 
合併症 1 (7%) 0 (0%) 0.53 
術中の心室性不整脈の消失 8 (57%) 15 (88%) 0.060 













QRS 幅, mi 150±13 148±11 148±15 146±8 
IDT 82±11 76±17 70±9 69±11 
MDI 0.54±0.06 0.51±0.08 0.47±0.08 0.46±0.05 
PdW 49±12 44±18 45±9 28±8 
肢誘導     
  Initial Q in lead I 5 (36%) 0 (0%) 0 (0%) 0 (0%) 
  R - S in lead I, ms -0.11±0.25 -0.13±0.27 0.26±0.22 0.13±0.20 
  Mean R amplitude in 
  inferior leads, mV 2.09±0.31 2.27±0.41 1.57±0.32 1.85±0.64 
  Ratio R in III/II 1.09±0.12 1.12±0.10 0.92±0.15 0.94±0.06 
  Q in aVL, mV 1.17±0.32 1.36±0.22 0.68±0.30 0.82±0.40 
  Q in aVR, mV 0.92±0.23 1.08±0.22 0.85±0.18 0.97±0.32 
  Ratio Q in aVL/aVR 1.33±0.42 1.30±0.27 0.85±0.44 0.82±0.16 
胸部誘導     
  ≤V1 2 (14%) 1 (17%) 0 (0%) 0 (0%) 
  V1< and ≤V2 3 (21%) 2 (33%) 0 (0%) 0 (0%) 
  V2< and ≤V3 7 (50%) 2 (33%) 4 (100%) 1 (14%) 
  V3< and ≤V4 2 (14%) 1 (17%) 0 (0%) 6 (86%) 
  Initial R in lead V1 14 (100%) 3 (50%) 3 (75%) 5 (71%) 
  Notching in lead V1 0 (0%) 2 (33%) 1 (25%) 0 (0%) 
  Ratio R/S in V1 0.67±0.33 0.63±0.40 0.30±0.24 0.09±0.05 
  Ratio R/S in V2 0.73±0.34 0.88±0.46 0.61±0.34 0.14±0.06 
IDT = intrinsicoid deflection time（QRS onsetから胸部誘導の最大振幅までの間隔）、MDI = 
maximum deflection index（IDT / QRS幅）、PdW = pseudo-delta wave（QRS onsetから胸部誘
導の最初の変曲点までの間隔）、R - S in lead I = I誘導のR波とS波の振幅の差、Ratio R in III/II 
= II, III誘導のR波高の比、Ratio Q in aVL/aVR = aVL誘導およびaVR誘導のQ波高の比、Ratio 




Variable 成功例 不成功例 
QRS 幅, ms 152±15 148±9 
IDT 81±12 82±11 
MDI 0.53±0.06 0.55±0.05 
PdW 54±11 42±12 
肢誘導   
  Initial Q in lead I 2 (25%) 3 (50%) 
  R - S in lead I, ms -0.06±0.33 -0.18±0.07 
  Mean R amplitude in inferior leads, mV 2.17±0.36 1.99±0.20 
  Ratio R in III/II 1.08±0.15 1.10±0.07 
  Q in aVL, mV 1.26±0.39 1.05±0.13 
  Q in aVR, mV 1.01±0.22 0.80±0.19 
  Ratio Q in aVL/aVR 1.31±0.51 1.37±0.30 
胸部誘導   
  ≤V1 1 (13%) 1 (17%) 
  V1< and ≤V2 2 (25%) 1 (17%) 
  V2< and ≤V3 4 (50%) 3 (50%) 
  V3< and ≤V4 1 (13%) 1 (17%) 
  Ratio R/S in V1 0.73±0.38 0.59±0.25 
  Ratio R/S in V2 0.80±0.42 0.64±0.17 
IDT = intrinsicoid deflection time（QRS onsetから胸部誘導の最大振幅までの間隔）、
MDI = maximum deflection index（IDT / QRS幅）、PdW = pseudo-delta wave（QRS onset
から胸部誘導の最初の変曲点までの間隔）、R - S in lead I = I誘導のR波とS波の振幅
の差、Ratio R in III/II = II, III誘導のR波高の比、Ratio Q in aVL/aVR = aVL誘導および
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the LVS was defined as the triangular portion of the epicardial left 
ventricular outflow tract with the apex at the bifurcation between the 
left anterior descending and the circumflex coronary arteries and the 
base formed by an arc connecting the first septal perforator branch 
of the left anterior descending coronary artery with the circumflex 
coronary artery (Figure 1). The LVS is bisected by the GCV in to 
2 regions: 1 closer to the apex of the triangle (ie, inaccessible area) 
and 1 at the base of the triangle (ie, accessible area). All the anatomic 
definitions were based on orthogonal fluoroscopy, intracardiac echo-
cardiography, and intraprocedural coronary angiography.
All patients had failed treatment with at least 1 antiarrhythmic drug 
and atrioventricular nodal blocking agents; these were discontinued 
for at least 5 half-lives before the procedure. All patients signed a 
written informed consent according to the institutional guidelines of 
the University of Pennsylvania Health System. The baseline charac-
teristics including the age, sex, nature of the clinical arrhythmia, and 
12-lead ECG of the VAs were recorded.
Electrophysiological Study and Catheter Ablation
Patients presented to the cardiac electrophysiology laboratory in 
the fasting state. Conscious sedation was used as the preferred ap-
proach. General anesthesia with an inhaled anesthetic (typically 
sevoflurane) was used for obtaining pericardial access and during 
epicardial mapping and ablation. Atrial and ventricular burst pacing 
with and without intravenous isoproterenol (≤12 μg/min) was used 
to provoke the VAs in case of suppression after general anesthesia 
induction. Catheters were positioned in the heart using fluoroscop-
ic guidance. A 6-F quadripolar catheter with 5-mm interelectrode 
distance (Bard Inc, Delran, NJ) was placed at the RV apex. A 7-F 
decapolar catheter with 5-mm electrodes and 2-mm interelectrode 
distance was advanced to the coronary sinus and at the GCV–AIV 
junction. A deflectable 8-F mapping/ablation catheter that had a 
3.5-mm irrigated tip and a 2-mm ring electrode separated by 1 mm 
(Thermocool, Biosense Webster, Diamond Bar, CA) was advanced 
to the RV (transvenous approach), LV (retrograde aortic approach), 
coronary venous system, and epicardial space for mapping. Access 
to the pericardial space and epicardium was obtained using the 
approach described by Sosa et al.7 A 64-element phased-array in-
tracardiac echocardiography catheter (AcuNav, Acuson, Mountain 
View, CA) was used to assist catheter manipulation, assess distance 
from the ostium of the left main coronary artery, monitor radio-
frequency energy delivery, tissue-catheter contact, and complica-
tions. In addition, intracardiac echocardiography was used together 
with the 3-dimensional electroanatomic mapping system to define 
the anatomic details of structures adjacent to the epicardial LVS. 
During mapping in the LV and coronary cusp region, intravenous 
heparin was used to achieve an activated clotting time of ≥250 sec-
onds. The site of origin of the VA was determined based on detailed 
activation and pace mapping. In particular, during activation map-
ping, the local activation time was consistently measured from the 
onset of the electrogram (earliest positive or negative deflection) of 
the distal bipole of the mapping catheter to the earliest onset of the 
QRS complex in any of the 12 ECG leads. Activation times were 
measured by 2 independent observers and displayed on a 3-dimen-
sional electroanatomic map (CARTO; Biosense Webster, Diamond 
Bar, CA) as well as the electrophysiology recording system (Prucka; 
GE, Houston, TX). Pace-map match was visually judged by 2 ob-
servers, with each of the 12 ECG leads assessed for the QRS vector 
and major notching or deflections from baseline. An ideal match re-
quired identical QRS complexes between the paced beats and native 
VA in 12 of 12 ECG leads. Coronary angiography was performed 
to delineate the ostium and the course of the left coronary artery 
before ablation. Radiofrequency energy was only delivered if the 
site was >5 mm from a coronary artery. During radiofrequency en-
ergy delivery, if a suppression/elimination of VAs occurred within 
the initial 30 seconds, the application was maintained and carefully 
titrated for ≥60 seconds, targeting an impedance drop of 10 to 15 
Ohms with a maximum temperature of 45°C and a maximum power 
of 40 watts. After ablation, atrial and ventricular burst pacing with 
and without intravenous isoproterenol (≤12 μg/min) was used to as-
sess arrhythmia inducibility. Acute success was defined as inability 
to induce the clinical VAs (ventricular premature depolarization or 
ventricular tachycardia) at the end of the procedure and no recur-
rence during 24 hours of postprocedural hospital ECG monitoring.
Figure 1. Computer tomographic image depicting the anatomy of 
the left ventricular summit (LVS). The LVS is a triangular region of 
the LV epicardium with the apex at the bifurcation between the left 
anterior descending (LAD) and left circumflex (LCx) coronary arter-
ies, and the base formed by an arc connecting the first septal per-
forator branch (SP) of the LAD with the LCx (white dotted line and 
arrows). The LVS is bisected by the great cardiac vein (GCV) which 
separates it into 2 regions: (1) closer to the apex of the triangle (blue 
dotted line) and (2) a more lateral toward the base of the triangle 
(yellow dotted line). The former is less accessible for catheter abla-
tion in the epicardial aspect because of proximity to coronary arter-
ies and the presence of thicker layer of epicardial fat. AIV indicates 
anterior interventricular vein; and LM, left main coronary artery .
WHAT IS KNOWN
s  The left ventricular summit represents a common 
site of origin of idiopathic ventricular arrhythmias.
s  Successful elimination of arrhythmias arising from 
the left ventricular summit can be achieved with 
ablation from adjacent structures.
s  When ablation from adjacent sites is unsuccessful, 
a percutaneous pericardial approach has been sug-
gested to achieve arrhythmia suppression.
WHAT THE STUDY ADDS
s  This study reports on a series of patients in whom 
percutaneous pericardial access for epicardial map-
ping and ablation was attempted for arrhythmias 
arising from the left ventricular summit.
s  Outcomes were poor overall, with an acute success 
rate of 22% and a long-term arrhythmia-free sur-
vival of 17%, likely because of the presence of epi-
cardial fat at the tissue-catheter interface. In about 
two-thirds of cases, radiofrequency delivery in the 
epicardial location was aborted because of proximity 
to major epicardial coronary vessels.
s  ECG features were found to be helpful in identifying 
cases where epicardial ablation may have a higher 
chance of success.
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図2. 左室頂上部を走行するcommunicating vein（summit-CV）  
参考論文：Komatsu Y, et al. Circulation: Arrhythmia and Electrophysiology 


















図 6. 12 誘導心電図の特徴の比較  
MDI = maximum deflection index（QRS onsetから胸部誘導の最大振幅までの間隔	/ QRS幅）、
R - S in lead I = I誘導のR波とS波の振幅の差、Ratio R in III/II = II, III誘導のR波高の比、Ratio 


















図 9. Summit-CV の individual variability 
Summit-CV の走行は患者毎に多岐にわたっている。A〜D の各症例で、summit-CV（黄色矢印）の
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